It is important to determine the effect of changing environmental conditions on the microbial kinetics for design and modeling of biological treatment processes. In this research, the kinetics of ammonia oxidation by nitrifying process bacteria under varying pH and temperature conditions are studied. 
Introduction
One of the major factors affecting nitrification in treatment is pH. Nitrification systems are sensitive to pH variation. Optimum pH has been found to be approximately 7.8 to 9.0. Reductions in nitrification have been found outside this range. [1] Alkalinity is also destroyed during nitrification. However, this is especially important when nitrification processes [2] are of concern. Nitrification is considered to be a surface-based process in water and wastewater systems [3] , [4] . It has been widely used for nitrifying ammonia to nitrate and nitrite. The previous studies indicated that nitrifying bacteria tended to grow by attaching on the surface of sediment solids; consequently, effect of sediment on the nitrification process is significant [5] , [6] .
The major concern affecting human health pertains to infants less than six months of age. In sufficient quantities, at ammonia concentrations exceeding 1.5 mg/l., the possibility of health hazard is significant towards infants. [7] The primary health hazard from drinking water with nitrate-N occurs when nitrate is transformed to nitrite in the digestive system due to ammonia present in source water. The nitrite oxidizes iron in the hemoglobin of the red blood cells to form methemoglobin, which lacks the oxygen carrying ability of hemoglobin. This creates the condition known as methemoglobinemia. This is also known as blue baby syndrome causing the veins and skins to appear blue.
Theoretical Consideration
Nitrification: the process by which nitrogen in ammonia and organic compounds is oxidized to nitrites and nitrates by soil bacteria of the family Nitrobacteraceae. Biological nitrification may be used to prevent oxygen depletion from nitrogenous oxygen demand (NOD) in the receiving waters. Much of the nitrogen is found in the form of ammonia. When secondary treatment is used, a great deal of this ammonia is discharged in the effluent. Bacteria can utilize this ammonia as an energy source and convert ammonia to nitrite and nitrate as shown in Eq. (1) [8] .
Bacterial nitrification is a biological process which can be applied to recirculation systems in order to control ammonium level. Two groups of beneficial bacteria are involved, Nitrosomonas and Nitrobacter species. The process is efficient and reliable when water temperatures are above 10˚C. This seemingly simple process involves a complex series of reactions that can be summarized as in Eqs. (2), (3), (4) and (5) For Nitrobacter:
The stoichiometric equations for nitrification are are consumed per mg of ammonianitrogen oxidized. This is quite a substantial amount of alkalinity and will over a period of time dramatically change the character of the water, affecting both hardness and pH stability. It is also an acidifying process, producing a gradual build up of nitric acid. It should also be noted that the process does not remove any nitrogen from the system; merely changing it from one form to another. [1] .
Materials and Methods

A. Experimental setup
The reactors were constructed by using two high-density polythene (HDPE) pipe columns in series (132 mm internal diameter and 3m height) for both nitrification reactors. Two meters of filter media was used in each column with a total depth of four meters. The oxygen was provided by injecting compressed air into the reactors from the bottom of the nitrification unit. The six numbered sampling ports were provided at 1 m intervals in each set of reactors. The schematic flow diagram of experimental setup is presented in Figure 1 .
B. Biofilter media and column packing
The media was selected by considering the physical, chemical and biological parameters of the raw water. The media sizes of 10 to 15mm were packed in the columns. A perforated HDPE sheet was used for supporting media in each column. The over burnt bricks (OBBs) were chosen as the media since they have shown significant nitrification in the preliminary test. The media OBBs were first moistened and gently placed into each column from top. The columns were slightly agitated to achieve a stable pack and eliminate unwanted voids. The characteristics of OBBs which were used as filter media are presented in Table 1 .
C. Reactor startup and operation
The media OBBs were fully exhausted first with ammonia water in reactors so as not to take intrusion by adsorption phenomena in the nitrification columns. The seed nitrifying culture was originally obtained from the experimental scale activated sludge plant that has been successfully performing nitrification. The one liter of nitrifying seed culture obtained was mixed with four liters of ammonia water in nitrification reactors. The inoculants thus prepared was poured into the submerged filters, retained and aerated for 1 week in nitrifying column maintaining pH 7.5 using sodium hydro-oxide. After this, the start-up time was considered complete and the experiment was started.
The nitrification has been carried out in down flow submerged granular OBBs media. For nitrification, the filtration rate varied from 10.5 m/day to 210 m/day. The influent ammonia nitrogen concentration varies from 26 to 100 mg/l. Compressed air was used as an oxygen source for nitrification. The air was injected into the submerged filters at the bottom of the filter media with a tube having many small nozzles of 1 mm diameter in order to have uniform distribution of air in the filter and prevent short-circuiting of air. The air was supplied from the compressor at a constant rate so as to maintain dissolved oxygen more than 4 mg/l at all times. Then influent water was varied in pH from 7.1 to 9.1 at an interval of 0.1
Result and Discussion
D. Characteristics of groundwater and flow rate
A set of nitrification reactor with the OBBs as the media was used for the study. The natural groundwater with the characteristics as shown in Table 2 The total ammonia removal by nitrification in the reactor was observed 5 mg/l at 10˚C and 79.1 mg/l at 30˚C at the filtration rate of 500ml/min for the influent ammonia -N concentrations of 26 and 100 mg/l respectively. As evident from Figure 2 , the ammonia-N reductions at low temperatures were considerably lower in comparison to reductions at higher temperatures.
When the temperature varied 10˚C to 30˚C, the ammonia removal efficiency of 26.9 to 89.9 %, 23.0 to 84.6 %, 19.2 to 79.5%, 15.3 to 42.1%, 11.54 to 27.64% and 8.1 to 10.3% were observed in nitrification reactor at the filtration rates of 100, 250, 250, 1000, 1500 and 2000 ml/min respectively. In general, the ammonia removal increased as the temperature increased in the reactor.
At 10˚C, the ammonia-N removal was observed as 0.76, 1.64, 2.73, 4.38, 4.93 and 4.65 gm/m 3 h in the reactor at the filtration rates of 100, 250, 250, 1000, 1500 and 2000ml/min respectively. The ammonia removals in the reactor are significantly higher at 30˚C in comparison to the removal rate at 10˚C is presented in Figure 3 . Similarly, total ammonia-N reduction due to nitrification was observed as 9.80, 23.07, 43.34, 46.56, 45.19 and 22.46 gm/m 3 h for the same flow rates at 30˚C. The ammonia removals by the nitrification process were observed insignificant at a flow rate above 1500 ml/min and less significant above 24˚C.
E. Effect of pH in nitrification
Nitrification was observed at different pH values ranging from 7.1 to 9.0 at temperatures ranging from 10~30°C at 2˚C intervals for the flow rates 100ml/min and 2000 ml/min respectively. A typical pH effect in nitrification at 20°C for the flow rate 500ml/min in presented in Figure 4 . Nitrification process was found more efficient above 7.3 to 8.0 pH at 20°C for the flow rate 500ml/min. Stable nitrification process was found within that range.
Conclusion
It can be deduced from the study that pH has a strong direct impact on the nitrification process. The average ammonia nitrogen oxidation efficiency of 77.27 % was achieved in the reactor packed with OBBs media at 20˚C due to biological nitrification. As the pH increased, nitrate nitrogen removal was found higher in biological nitrification process with less significant. 
